INTRODUCTION
The Coal Seam Gas (CSG) industry built its foundations on the concept of continuous, homogenous reservoirs that could be economically exploited by optimising drilling and completions, while relying on statistics to ensure adequate average reservoir productivity. As the industry in Queesland matures, this model is being challenged by the significant heterogeneity of coal seam properties. Hence a need to understand the geological and geotechnical controls on the properties of coal seams is becoming increasingly important. 3D seismic data offers the ability to define structure, thickness and other parameters that control resevoir properties. However, designing surveys around land owners, gas plants, gathering systems and endangered ecosystems, is no trivial exercise. If 3D seismic surveying were to become a standard part of the CSG development process, it will be crucial that the industry delivers technically and economically effective 3D seismic surveys which are sympathetic to people and the environment. With this goal in mind, we share some results from a recent 3D seismic survey acquired specifically for CSG in the Surat/Bowen basins ( Figure 1 ). We present some lessons learned from the survey design, field operation, data processing and interpretation to assit with planning future 3D seismic surveys effectively in the region.
SURVEY DESIGN
The survey objectives were to image Jurassic coals of the Surat basin (as shallow as 300m), the underlying Permian structure (dips of approximately 40 degrees) and the basement (approx. 4000 m at the deepest). Hence the survey design had to accommodate a very thick target interval.
As is most often the case for land surveys, achieving the ideal design was challenged by surface access constraints. Approximately 60% of the survey area is heavily timbered, requiring sensitive line preparation before acquisition could commence. This constraint was coupled with approximately 50 landowners with diverse property uses including quarries, low disease feedlots and cropping land. Additionally the construction of a gas processing plant, water treatment facility, development wells and gathering pipelines added to restrictions and noise. To meet these objectives an orthogonal survey was designed with long offsets and short receiver and source intervals. A compromise to symmetric sampling was made with a live patch shorter in the crossline direction, but was symmetrical out to 1200 m offset, Table 1 . To work most effectively within the surface constraints a nodal acquisition system was chosen. This was the Fairfield Z Land system, (Figure 2 ) which has a single geophone per receiver position. The IVI Envirovibe was chosen as the source, operating as a single vibe per point, making this survey a point source point receiver. 
SUMMARY
A land 3D seismic survey was carried out in the Surat and Bowen Basins with the specific objective of imaging Coal Seam Gas reservoirs. Use of nodal acquisition technology allowed the survey to be designed around numerous obstacles while collecting a full range of azimuths and offsets. These were maintained through processing to provide well imaged structures and pre-stack data for quantitative interpretation.
Key words: CSG, 3D Seismic, Processing, Possible high levels of surface noise were a concern, given the inherent lack of an array attenuation effect in the survey geometry. However, testing had been undertaken in previous 2D surveys in the area to understand the ground roll. On this basis triple staggering was introduced to the source and receiver positions so that a partial array effect could be achieved in the CDP domain. 
FIELD OPERATIONS
Line preparation was planned to be as 'low impact' as possible, minimising ground disturbance. In the heaviest timbered areas lines were mulched (Figure 3 ), while a slasher was employed in more open areas. With the decision to use a nodal acquisition system, it was feasible to mulch only every second receiver line which greatly reduced the environmental impact. However this decision had a negative effect on the field crews, slowing down layout and retrieval on alternate lines. The wood chipping left by the mulching is also thought to have impacted the vibrator base plate coupling, but was an effective means of helping to preserve top soil and rootstock. To ensure survey accuracy, the position of source and receiver points along the lines were GPS located, and marked with paint. The line crews would then plant the nodes at the marked location, burying them into the ground for the coupling. This was an arduous process, requiring small holes to be dug (Figure 4 ). To assist with logistics and the movement of the nodes, all-terrain vehicles were deployed, capable of carrying multiple sets of nodes ( Figure 5 ).
Four "fleets" of a single Enviovibe were used to allow flexible acquisition strategy ( Figure 6 ). As wash downs between properties were required to prevent the spread of weeds, a key factor in maintaining field production was their efficient deployment. This was achieved through effective communication between the party manager, chief observer and company representatives who facilitated landholder communications.
Even with 8000 channels/nodes available, the odd size of the survey meant that zippering was required to achieve uniform subsurface illumination. This was achieved by dividing the survey area into 4 panels. The flexibility and speed of the envirovibe made source-zippering the most efficient option, with source positions re-occupied for recording into different receiver spreads. This meant all necessary offsets and azimuths were acquired, albeit from some duplicated field effort. This had consequences for statics calculations and surface consistent processing not considered at the time of survey design. 
IN-FIELD PROCESSING
Harvesting the data from the nodes provided additional challenges. Once the nodes were picked up (up to 28 days after deployment) the data was downloaded and each unit recharged (Figure 7) . The continuous stream of recorded data was separated by shot time into uncorrelated receiver gathers. These then had to be sorted into shot gathers and correlated, before being converted to SEGY format for shipment to the data processing centre. This was a long, multi-step process demanding a number of critical QC steps. The final data set was not ready for shipment until 5 weeks after the crew had demobilised. Consequently it is recommended if undertaking a survey of such size to increase the number of field processing computers to handle the data sorting. 
PROCESSING
Five component surface consistent scaling and deconvolution using an adaption of the method by Carey & Lorentz (1993) was applied to the shot records before noise attenuation.
The raw shot records were had variable signal to noise ratio, (Figure 8 ). While source generated linear noise was ever present, some areas of the survey were particularly 'drowned' by random noise. Due to the finer sampling interval, linear noise was not aliased and was relatively effectively removed in the shot domain. Random noise was best removed by prudent attenuation in the cross spread domain. Even with the orthogonal design a number of gaps in offsets and azimuths existed in the pre-migration data set. While it this dataset provided a very good structural stack, we believe that more can be gained for CSG exploitation with thorough analysis of pre-stack azimuthal data. 5D interpolation was used to interpolate the missing azimuths and offsets. The interpolation was carried out to preserve amplitudes of 6 azimuths at 80 offsets, giving final interpolated gathers with 480 traces.
The final imaging was achieved by Kirchhoff Pre-Stack Time Migration, (PSTM). Given the multiple azimuths, a significant amount of computing time was required to run this process.
INTERPRETATION
The few vintages of sparse 2D data within the survey area falsely backed up the common misnomer that faulting was not complex in the Surat CSG reservoirs. Even at brute stack stage, the 3D data set showed very complex fault patterns (Figure 9 ). Mapping these faults has provided new understanding of the tectonic processes that have affected the eastern Surat Basin and subsequently features that effect local stress.
Initial investigation of pre-stack data demonstrates that azimuthal and offset variation of amplitude is detectable ( Figure  10 ). Investigation of these phenomena is still in the early stages, with encouraging results. Further discussion of this is beyond the scope of this abstract.
CONCLUSIONS
This survey has provided a data set that will be a valuable resource to assist CSG development for many years. The fundamental quality of the high trace density, point-source, and point receiver survey design has been demonstrated by the initial images derived in processing. We expect that the final processing products will allow more subsurface detail to be realised. We also expect that these details will be crucial to demonstrate the value that 3D seismic surveys can bring for the exploration and development of CSG. We have also demonstrated that adopting new developments in acquisition technology, such as autonomous nodes, has allowed seismic operations to co-exist in a less intrusive way with land owners and the environment. 
